Background and Objectives: This study focuses on vulnerable elders (i.e., those with moderate or low incomes who live alone) and examines to what extent a senior housing environment moderates the effects of multiple chronic conditions (MCCs) on hospitalization over time. Research Design and Methods: Data came from six waves (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012) of the Health Retirement Study (N = 1,401 individuals, 3,705 observations). Mixed-effect multinomial logistic regression modeling estimated the effects of senior housing on changes in hospitalization. Results: Vulnerable elders with MCCs were more likely to be hospitalized at both moderate and heavy levels at baseline. Consistent with the environment docility hypothesis, findings show that older individuals with MCCs who live in a senior housing environment have fewer hospitalizations over time. Discussions and Implications: As one of the first efforts to build empirical knowledge on health care use among vulnerable elders in senior housing, our findings underscore the importance of continued research into these environments as a possible alternative to existing models.
Introduction
Due to an association between chronic disease and advanced age, the number of individuals with multiple chronic conditions (MCCs) has increased (Marengoni et al., 2008) , inflicting more than 65% of individuals aged 65 and older (Anderson et al., 2013) . Existing literature has shown MCCs are associated with various poor health outcomes including disability, lowered quality of life, and mortality, as well as increasing health care use and costs (Lehnert et al., 2011) . To date, most research has focused on health care implications and the consequences of MCCs, but knowledge on risk factors and their mechanisms of influence is limited (Chung et al., 2015) .
This study addresses two particular concerns requiring further investigation. First, there has been a lack of consideration of environmental factors when examining MCCs and health care use. Viewed from the life-span perspective, later old age is a period of particular sensitivity to the living environment given that people spend more of their daily life in their homes as they age and their health deteriorates (Wahl, Fänge, Oswald, Gitlin, & Iwarsson, 2009 ). Much of the aging policy discourse has centered on conventional private homes. In recent decades, senior housing has been advocated as a key component of a community-based, long-term care policy for older adults (Stone, Harahan, & Sanders, 2008) ; senior housing can be the bridge between independent living and living in a long-term institutional care facility (Field, Walker, & Orrell, 2002) . From a policy perspective, it is important to examine if and to what extent senior housing environments are associated with the health care use of older adults with MCCs.
Second, there has been a lack of attention to socioeconomically vulnerable elders in MCCs-health care use research. Many health care reform initiatives attend to the needs of high-risk populations, particularly the socioeconomically vulnerable (Hayward & Gorman, 2004) . However, little research has investigated the heterogeneity in health care use among vulnerable elders. Increasingly, lower income elders face a higher risk of premature or avoidable health care use due to inadequate residential environments (Spillman, Biess, & MacDonald, 2012) . For those with limited social integration, such as those who live alone, the living environment becomes more important when assistance is needed due to decreasing health (Thompson & Krause, 1998) .
In this study, we attempt to address these gaps by examining if and how a senior housing environment moderates the effects of MCCs on hospitalizations among vulnerable older adults. We draw from the environmental gerontological perspective on aging (Lawton, 1980 ) that attends to the dynamic relationship between the health of a person and his/her environment. Most existing literature on older adults with chronic conditions has focused on personal characteristics (i.e., gender, race, income, and/or social support) guided by a behavioral model. Diverse environmental settings like senior housing have rarely been studied, and few studies have followed changes in hospitalization over time. We empirically examine longitudinal patterns of hospitalization among vulnerable elders.
Hospitalizations From the Ecological Theory of Aging Perspective
The Ecological Theory of Aging (ETA) posits that old age is a critical phase in the life course profoundly influenced by living environment and explicitly considers aging as a person-environment phenomenon (Lawton, 1990) , wherein an individual's illness level provides an objective evaluation of his/her health (Lehnert et al., 2011) ; MCCs can be seen as an aspect of personal competence. In ETA's environmental docility hypothesis, fit suggests that individuals with less ability will be affected more by environmental characteristics than individuals with more ability. Senior housing is an environmental context in which support is provided, therefore older adults with MCCs who live in senior housing may be less likely to be hospitalized than those who live in traditional, private home. Hospitalization is the outcome of an individual's competence and environment and the "fit" between them.
For vulnerable elders, the importance of senior housing is becoming more salient. Due to insufficient financial resources, lower-SES elders in conventional homes often view aging in their current home as their only choice (Torres-Gil & Hofland, 2012) , despite their inability to modify their homes and access services as they age. Almost two million low-income older adults have excessive housing costs (paying more than half their income for rent) or live in moderately or severely inadequate housing (Stone, Harahan, & Sanders, 2008) . Given the high poverty rates among older adults (9.7% of adults aged 65 and older live at or below the federally defined poverty threshold and 15% at near-poverty), an increasing number of lower income elders face a higher risk of declining health, functioning, independence, and even premature or avoidable nursing home placement due to their inadequate residential environments (Salkin, 2009 ). Living alone is associated with more functional limitations, worse physical and mental health (Chou & Chi, 2000; Gaymu & Springer, 2010) , and a higher likelihood of institutionalization (Carriere et al., 2007) . Approximately 29% of older adults lived alone in 2009 (Administration on Aging, 2012); this proportion is expected to increase and become a normative part of the aging process (Lichtenberg, MacNeill, & Mast, 2000) .
MCCs Among Vulnerable Older Adults
Socioeconomic vulnerability in health is well established and a growing body of research has shown health disparities persist. Studies report MCCs are more common and more severe in persons with low SES (Barnett et al., 2012) . Older adults with low SES may be at higher risk of hospitalization due to factors such as lack of access to quality and nutritious food and unhealthy eating habits (Artinian et al., 2002) , and poorer self-management of health conditions (Barlow et al., 2002 ). An association between living alone and hospitalizations independent of the number of MCCs has been demonstrated (Shah et al 2001; Shelton et al 2000) . Older adults living alone have worse health outcomes partly because those with chronic conditions are less likely to comply with medications (Barlow et al., 2002) , and those who live along are less likely to contact the doctor when they have symptoms (Artinian, 2002) . Also, when those who live alone are discharged from the hospital with serious functional impairments, they are at high risk for a variety of poor outcomes, including falls, worsening functional status, nonadherence, and depression (Moser et al, 2005) .
Senior Housing for Vulnerable Elders
Empirical evidence on the positive role of a supportive housing environment on hospitalizations first came from literature on the homeless (Henwood, 2013) . For example, Wright et al. (2016) found significantly lower health care spending for the homeless after they moved into supportive housing, primarily driven by reduced emergency room visits and hospitalizations. To date, empirical knowledge on health outcomes among those in senior housing is limited to psychological outcomes and well-being (see Golant, Parsons, & Boling, 2010 for a review) . Only a few studies have investigated the effects of senior housing on specific health care outcomes such as reduced number of: hospitalizations, emergency visits, and nursing home residence among moderate-and low-income elders (Spillman, Biess, & MacDonald, 2012) .
Some research has examined the health outcomes of low-income elders living in senior housing. A quasi-experimental study looked at the effects of supportive services and health intervention programs on health outcomes among elders and people with disabilities who lived in Seattle public housing and found that living in public housing was associated with more individuals receiving preventive health services, fewer going without treatment for certain conditions, and fewer visits to the emergency room (Siu 2009) . A study by Castle and Resnick (2016) found that residents in affordable senior housing that provided supportive services were more likely to use health care services (e.g., visit a doctor), report health improvements, receive preventive services, and less likely to use emergency care, be hospitalized, or move to a nursing home compared to residents in buildings not offering these programs.
One large scale study (Sanders et al., 2014) used 2008 Medicare and Medicaid data and found that residents living in housing with on-site service coordinators had significantly lower hospitalization rates. Interestingly, the availability of health education increases the odds of emergency care use without a hospital admission possibly because health educators working with people who have conditions like diabetes or congestive heart failure may identify early warning signs that need immediate attention. The availability of health education was associated with lower Medicare Part D payments, on-site exercise was associated with higher Medicare drug costs, and on-site medication management was associated with lower Medicaid payments, which could reflect better overall monitoring of resident prescription drug use.
Existing senior-housing research shares several important limitations. First, little work focuses on a higher risk subgroup such as people with MCCs. Second, most studies are based on pilot programs or small sample surveys within particular geographic areas (Golant, Parsons, & Boling, 2010) . More importantly, to the best of our knowledge, no known study has examined the effects of senior-housing residence among economically vulnerable elders who live alone using a national sample with longitudinal data.
Research Questions
Our study has two research questions: 
Study Data and Methods
Six waves (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) of the Health and Retirement Study (HRS) in combination with RAND Center for the Study of Aging (RAND HRS) data were used in this study. The HRS is a prospective cohort study conducted by the University of Michigan with support from the National Institute of Aging. RAND HRS data include detailed health, behavioral, and demographic information, including a poverty measure based on U.S. Census Bureau poverty threshold levels and family composition, using bracketing methods to minimize nonresponse (RAND HRS, 2008) . Details of the multistage sample design, selection criteria, implementation, and response rates are available elsewhere (Sonnega, Faul, Ofstedal, Langa, Phillips, & Weir, 2014) . Study baseline is the 2002 wave. We used four criteria to draw our sample: First, as this study focuses on the economically vulnerable and those who live alone, participants whose income was higher than 300% of the federal poverty level (FPL) and who lived with others were excluded. Second, we selected adults aged 75 and older at baseline to focus on old-old or very-old adults (Nygren et al., 2007) and to be consistent with previous literature (Golant, 2008; Park et al., 2016) . Third, respondents who were institutionalized or unable to independently answer survey questions were excluded. Fourth, the sample was restricted to respondents who provided housing-related information. These criteria resulted in a sample of 1,571 individuals and 3,871 observations. We built hierarchical models to examine the role of the senior housing construct. Since data with multiple imputation are not technically feasible for testing nested models in Stata, we dropped observations missing covariates. We ran identical hierarchical models with multiple imputed data without testing nested modeling; results were essentially the same. After removing 166 cases (4% of sample) missing covariate information, the final sample contained 1,401 respondents and 3,705 observations. Since the HRS survey is conducted every 2 years, up to six repeated observations were obtained over a 10-year period.
Measures

Multiple Chronic Conditions
As in previous studies, MCCs were defined as suffering from two or more chronic health conditions that had ever been diagnosed by a doctor. The chronic diseases used in this measure included high blood pressure, diabetes, cancer, lung disease, heart disease, stroke, psychiatric problems, and arthritis. A binary indicator was used to measure presence of MCCs (0/1).
Senior Housing
Senior-housing residency was measured with one question, "Is your (house or apartment/house/apartment) part of a retirement community, senior citizens' housing, or other type of housing that offers services for older adults or someone with a disability?" Senior-housing data was aggregated across earlier study waves and updated with information on new move-ins in each wave. The HRS uses extensive skip patterns for housing-related variables. In general, only new respondents or those who indicated moving were asked to provide new information about their housing environment. Therefore, values for senior-housing information were hierarchically assigned for those entering the study prior to 2012. A binary indicator was used to measure senior-housing residency (0/1).
Outcome Measures
Hospitalization
The HRS collects self-reported information on health care services, common for large, nationally representative studies of older adults' health behavior. Respondents were asked if they had been an overnight patient in a hospital within the last 2 years; if so, how many times. We categorized hospitalization into three groups: no hospitalization (1/0), moderate (1-3 times; 1/0), and heavy hospitalization (3+ times; 1/0).
Covariates
A range of factors in older adults' health care use and access identified in previous studies were included. Age was measured at baseline (2002), gender (women = 1, men = 0); education (0-17+ years), and race (White = 1, non-White = 0). Income status was categorized into two groups based on previous literature (Spillman, Biess, & MacDonald, 2012) : Between 185 and 300% of FPL as moderate income (1/0) and below 185% as low income (1/0). The FPL corresponds roughly to the national level of 80% of Area Median Income, the low-income threshold used by the U.S. Department of Housing and Urban Development (HUD). Insurance coverage types were: Medicare only (1/0), Medicare and Medicaid only (1/0), and other (1/0). As social support variables, we used presence of children and/or relatives living nearby (within 10 miles; yes = 1, no = 0).
Functional status was measured by difficulty bathing, eating, dressing, walking across rooms, and entering or leaving bed (ADL skills). A binary indicator was created (more than 2 limitations = 1). Self-rated health was included as it is highly correlated with assessed health conditions (Idler & Kasl, 1991) . Originally self-rated health was measured with a 5-item scale (1 = excellent, 2 = very good, 3 = good, 4 = fair, 5 = poor). A binary indicator of poor self-rated health was created (responses of 4 or 5 = 1). To control for the potential unequal availability of seniorhousing facilities, residential region (urban areas of more than 250,000 population = 0, rural areas of fewer than 250,000 population = 1) was assessed.
Analytical Strategy
To examine changes in hospitalization over time, we drew from a multilevel or mixed-effects model framework, considered a relatively robust method for analyzing a multilevel response outcome variable (Rabe-Hesketh, & Skrondal, 2012) . This analytical strategy enabled us to account for unobserved individual heterogeneity during the study period, which would not have been possible with other statistical methodologies such as fixed-effect or autoregressive. A time indicator was determined by the respondent's waves of participation, a continuous variable centered on the grand mean.
We conducted preliminary analyses to determine the specification of fixed and random effects for change in outcomes over time (results not shown). As the starting point for longitudinal analysis, we estimated the total constant correlation across occasions and assessed the relative magnitude of each source of variation via an intraclass correlation. The results showed that for unmet needs, 27% was due to the variability between persons, whereas 73% was due to the remaining variation within a person as a result of repeated observations. Comparisons of model fit between models of increasing complexity indicated that a random linear model provided the best fit for describing time-related outcome change. Retention of healthier respondents over time in longitudinal analyses can lead to biased results that favor more robust survivors and show narrowing differences in hospitalization. To control for bias introduced by missing data due to death, we included attrition and death information as covariates. Variables were entered sequentially in a model-building process. The first model examined the effects of sociodemographics, health, and social support on outcomes. Second, MCCs and senior housing were added to evaluate the effects of senior housing at baseline and over time. Health status and region variables were added as covariates in person and environment contexts. Our last model examined the moderating effects of senior housing by adding interaction terms. The models were run using the Generalized Linear Latent and Mixed Models (GLLAMM) procedure in STATA 13. Table 1 presents characteristics of the sample and their differences across MCC status and senior housing environment. Individuals with MCCs were significantly more likely to be older (M = 82.49). A higher proportion of older individuals with MCCs were likely to have ADLs (31.89%) and poor self-rated health (45.32%). A similar pattern was found for housing environment: compared to those living in a conventional home, those in senior housing were likely to be older (M = 83.34), have ADLs (35.05%), and poorer self-rated health (45.25%). A higher proportion of the senior housing residents were low income (76.17%). Table 2 shows the results of multinomial mixed-effect analysis. We examined the trajectory of hospitalizations by looking at the effects of MCCs and senior housing living; those who were not hospitalized formed the reference group. As seen in Model 3 in Table 2 , at baseline having MCCs was significantly associated with an increased risk of experiencing a moderate (RRR = 2.75, p < .001) or high level of hospitalizations (RRR = 2.98, p < .001). Compared to those living in conventional homes, older individuals in senior housing were more likely to experience moderate (RRR = 1.32, p < .05) or high levels of hospitalization (RRR = 2.11, p < .001).
Results
Descriptive and Bivariate Analyses
Over time, MCCs were significantly associated with moderate but not high levels of hospitalization (RRR = 1.30, p < .05). Those living in senior housing were less likely to experience a high level of hospitalizations (RRR = 0.68, p < .05).
In Model 4, interaction terms for MCCs and senior housing living were included in order to examine the extent to which a senior housing environment may moderate the main effects of MCCs on hospitalizations. At baseline, there was no significant moderating effect for vulnerable elders; however, over time those with MCCs who lived in senior housing were less likely to be hospitalized (RRR = 0.36, p < .05).
Discussion
Based on the premise that risk of hospitalization would differ by subgroups of vulnerable older adults, we focused on older individuals with MCCs and examined differences in hospitalization based on living in senior housing opposed to a conventional, private home. To the best of our knowledge, this is the first study that incorporates the senior housing environment when empirically testing the personenvironment relationships to hospitalization. Consistent with previous research, vulnerable elders with MCCs were more likely to be hospitalized at both moderate and heavy levels at baseline, showing that MCCs are a strong predictor of hospital use. In partial support of our hypothesis on changes in hospital use over time, the oldest individuals with MCCs were more likely to experience a moderate level of hospitalization. Although the direction of association for a high level of hospital use was positive, there was no significant association. This may be due to factors unavailable in the data. For example, heavy levels of hospitalization might be mainly for acute health conditions such as falls. We were not able to distinguish reasons for hospitalization which would have provided a better examination of the association between MCCs and unplanned, preventable hospitalizations; this should be an important consideration for future longitudinal research.
Our study contributes to the literature on health care use by providing empirical evidence on the role of senior housing. Considering the supportive environment of senior housing that either directly provides or arranges for delivery of various health and social services, we expected living in senior housing to be associated with a lower level of hospitalization. At baseline, vulnerable elders in senior housing were more likely to experience both moderate and high levels of hospital use, consistent with a previous study (Sanders et al., 2014) . It might be that the services provided in senior housing such as health education help people identify warning signs and seek treatment sooner leading to more, but possibly less costly, health care use (Artinian, 2002; Sanders et al., 2014) .
Over time, older individuals in our sample were less likely to have high levels of hospitalization, suggesting that positive effects from various supportive services available in the senior housing environment accrue over time in helping vulnerable elders better manage their health conditions. Existing studies have indicated that health needs are a better predictor of hospitalizations than predisposing (e.g., sociodemographics) and enabling factors (e.g., economic resources and social support), but incorporation of the living environment in empirical examination has been rare. By showing the importance of environmental context in hospitalization, our findings extend the literature on health care.
The findings on the protective effect of senior housing on hospitalizations over time is important for future research on care models. Although a few care models have been introduced and evaluated (Boyd et al., 2007; Chalmers & Coleman, 2006; Levine et al., 2006; Trice, 2006) , comprehensive approaches that cut across diverse settings and services (medical and social services) are still rare. Socioeconomically vulnerable individuals are more likely to live in low SES neighborhoods and be exposed to limited environmental resources (Schüle & Bolte, 2015) and have fewer healthy behaviors (Jonker et al., 2015) , and less likely to self-manage appropriately (Coventry et al., 2014) . Considering older individuals in our study were low-income, our findings provide initial evidence on the positive effects of senior housing for vulnerable elders. Findings in bivariate and multivariate analyses showed, overall, an absence of significant effects of sociodemographic factors on hospitalizations. We speculate that the proportion of variance in repeated hospitalizations attributable to socially patterned disadvantages (i.e., gender, race, income) may have been reduced among lower income older individuals because of universal access to health care through Medicare. Internationally, countries with universal health care access throughout the life span have smaller SES disparities in health in old age since disparities in young adults are less likely to carry forward into old age (Lane et al., 2015) .
The ETA perspective suggests that aging individualseven those with limited resources and capabilities-can experience optimal outcomes within supportive environments. Based on the environmental docility hypothesis, we expected that older individuals with MCCs who lived in a senior housing environment would have lower levels of Future inquiries should explore the major conceptual challenges underlying the debate on age-segregated housing, which can be related to attitudes or perceptions regarding aging. Researchers have argued that the health and well-being of older residents in age-segregated housing would vary depending on their attitudes toward aging itself. For example, based on negative perceptions of aging, an 'escape/avoidance model' predicts that older adults will try to ignore or deny old age by choosing to live in agesegregated housing as a way of escaping from unfavorable comparison with younger people in age-integrated settings (Golant, 1985) . Incorporating psychological characteristics in future research could disentangle to what extent individual motivation for moving into age-segregated housing affects adaptation and how experiences compares to those living in age-integrated housing. Importantly, escape/avoidance is one of many reasons for the preference of some seniors for age-integrated housing. Future research might include attention to measurement of objective risks and benefits of various age-integrated and age-segregated housing settings in which older adults live.
Despite relatively high access to health care in older adults because of the provision of Medicare, socioeconomic health disparities in old age persist. With increasing policy attention to vulnerable subgroups of older population, various federal and state level initiatives have been undertaken to provide quality of care through a coordinated delivery mechanism. Older individuals with MCCs have different clinical and long-term care needs, but health care is still mainly delivered through a fragmented, acutecare-focused system instead of a coordinated delivery system (Mercer, Smith, Wyke, O'Dowd, & Watt, 2009) . Across the country, approximately two million low-income seniors currently reside in subsidized independent housing (Wilden & Redfoot, 2002) . While subsidized housing communities were not intended to serve as nursing homes, it has become likely for existing residents to age in place and for residents to move in at an advanced age. This trend has led to the need for increased health and supportive services for older adults as their deteriorating chronic conditions and/or their poor management make them at greater risk of hospitalization and premature nursing home admission (IFAS, 2012) .
As one of the first efforts to build empirical knowledge on the effects of senior housing on health care use for vulnerable elders, our findings underscore the importance of continued research into senior housing environments. Many reform efforts are designed to slow the growth in both Medicaid and Medicare spending, particularly focusing on high-cost subgroups who are dually eligible (cf. Grabowski, 2012) . Considering the high concentration of such high-cost groups whose members are dually eligible in subsidized senior housing, linking health, and social services to services within the residence may be a cost-effective way to deliver health and social services and effectively manage chronic care programs. (Sanders et al., 2014) . In this respect, it is important to examine in-depth to what extent the effect of living in supportive senior housing varies over time among residents, including those who are eligible for both Medicaid and Medicare.
Our study has several limitations. A primary limitation is the bivariate indicator of senior housing environments used in the study. A more refined categorization of senior housing-such as independent living facility, assisted living facility, and continual care retirement communities-that follows industrial definitions would be ideal (Coe & Boyle, 2013) . However, data used in this study did not permit this type of categorization. If future data permit a clear distinction among the varying services provided within senior housing, it is important to comprehensively examine to what extent availability and actual use of services are associated with health care use outcomes. Also, the P-E fit perspective posits a dynamic association between personal competence and the environment. Generalizations about vulnerable elders and senior housing environments and their influence on health care use would be substantially improved if changes in vulnerability and residential environment over time were examined to shed light on whether changes in these dimensions lead to, or result from, changes in health. Despite these limitations, our findings provide a much-needed practical and theoretical underpinning for environmental policymaking efforts regarding vulnerable elders.
